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analytical methods. The basic reason for this is that only the simplest, statically 
determined loads and stresses can be recognized and calculated with any reasonable 
degree of confidence. Residual and locally induced stresses are especially difficult 
to handle analytically; therefore, the majority of publications in fracture mechanics 
and stress analysis are seldom design oriented. 


DEVELOPMENTS IN TECHNOLOGY OF 
MATERIALS 

The evolution of fracture control principles and materials research in the United 
States has been largely driven by the needs of the Navy concerned with fracture 
resistance of the high-yield family of steels. Opening comments of this chapter 
refer to HY-80, HY-100, HY-130, and similar alloy steels selected for their excellent 
resistance to fracture. 

It may be of interest to recall that the forerunner of HY-80 steel was the so- 
called modified Krupp steel, in a quenched and tempered condition, which was de¬ 
veloped at the start of this century. This particular German product was character¬ 
ized as a low-carbon material with addition of modest amounts of nickel, chromium, 
and molybdenum to ensure superior toughness properties in a quenched and tem¬ 
pered state. 

The availability of the high-yield family of steels had to be matched by the de¬ 
velopments in electrode materials for reliable welds, an accomplishment of a tall or¬ 
der considering the number of variables and imponderables involved in the process. 
Among the complexities which are difficult to control are structural constraints, 
joint preparation, weld accessibility, cooling rate, transformation, and shrinkage. 
The development process had to be painfully slow for technical, economic, and le¬ 
gal reasons and was punctuated by special investigations and disputes such as those 
concerned with the formulation and use of the high-strength material known as T-l 
steel. 

One of the more recent developments in the area of fracture-tough materials 
with superior weldability is the low-carbon and low-alloy steel known as HSLA-80. 
This type of material offers considerable potential for providing fracture-safe welded 
structures when stressed to the nominal yield strength in the presence of flaws, down 
to about 0°F service temperature. The welding process is rather straightforward 
and essentially does not require preheating or postweld heating. Since HSLA-80 is a 
low-carbon steel there is no risk of developing brittle martensitic constituents near 
defects or along the flame-cut surfaces. A similar material is known in industry as 
ASTM A-710, grade A, class 3. Both materials represent an excellent choice for the 
designer of critical structural members. These basic, ferritic alloy steels are able to 
achieve a high strength level through grain refinement and precipitation hardening 
while deriving toughness and weldability benefits from the limited carbon content. 
With additional amounts of manganese and molybdenum, and proper fabrication 
techniques to assure predominantly bainitic microstructure, these materials are 
likely to be used in plate thicknesses of up to 8 in. [263]. Structures of the future 
demand improved characteristics in design, fabrication, and performance. The 
applications of these materials will be found in construction equipment, railroad 



